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Abstract Dryopteridoid ferns are distributed all over the world, but China and its adjacent 
regions have the highest species diversity, so China is a key region to study their phylogenetic 
relationships and evolutionary history. In this study, chloroplast rbcL sequences from 105 
species of Dryopteridaceae and their relative lineages were used to reconstruct the phylogenetic 
trees using the MEGA2 and MrBayes 3.0b4 software. The phylogenetic relationships were 
inferred using the neighbor-joining, maximum-parsimony and Bayesian analysis, and three 
methods produced trees with largely congruent topology. These trees reveal that: (1) the 
species of the Dryopteridaceae in the classification of Ching except for those in Cyclopeltis 
are divided into two monophyletic groups corresponding to the two tribes, Dryopterideae 
Ching and Polysticheae Ching, but the genus Lithostegia should be transferred from 
Polysticheae to Dryopterideae, and the scopes of the two tribes should be extended: the tribe 
Dryopterideae includes the family Peranemaceae and some species of Ctenitis (a genus of the 
family Tectariaceae in Ching's classification), and the tribe Polysticheae includes the 
American Phanerophlebia and Polystichopsis; (2) Cyclopeltis is isolated from all the other 
species of Dryopteridaceae and their relative lineages; (3) the family Peranemaceae in Ching’s 
classification may not be a natural group, and should be included in tribe Dryopterideae, and 
is closely related to Nothoperanema; (4) Cyrtomium and Polystichum are both resolved as 
paraphyletic, and Dryopteris polyphyletic; (5) Phanerophlebiopsis, Leptorumohra and 
Lithostegia are closely related to Arachniodes; Cyrtogonellum and some species of 
Polystichum and of Cyrtomium form a clade; Nothoperanema are closely related to 
Peranemaceae and some species of Dryopteris. The relationships among genera of 
Dryopteridaceae, the relationship between Peranemaceae and Dryopteridaceae, and that 
between Ctenitis and Dryopteridaceae, and the systemic positions of the genera endemic to 
China or Asia (Cyclopeltis, Nothoperanema, Phanerophlebiopsis, Leptorumohra, Lithostegia 
and Cyrtogonellum) are also discussed. Our phylogenetic analyses are based on only rbcL 
sequence data, so the results should be further confirmed using other lines of evidence. 

Key words Dryopteridoid ferns, rbcL, phylogeny. 
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Tablel Samples used in the rbcL gene sequencing and their information 
1 1) D D D 
ngi : GenBank 
1) 
Species Locality Voucher/No. Accession No. 
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Ctenitis clarkei (Bak.) Ching 
























































Diacalpe aspidioides Bl. 








Diacalpe christensenae Ching 








Dryopteris basisora Christ 




















Dryopteris conjugata Ching 
























































Dryopteris lepidopoda Hayata 


Acrophorus stipellatus (Wall.) Moore 
Acrorumohra hasseltii (Bl.) Ching 
Arachniodes assamica (Kuhn) Ohwi 


Arachniodes globisora (Hayata) Ching 


Ctenitis mariformis (Ros.) Ching 


Cyclopeltis crenata (Fée) C. Chr. 


Dryopteris bodinieri (Christ) C. Chr. 


Dryopteris erythrosora (Eaton) O. Ktze. 


Dryopteris gamblei (Hope) C. Chr. 


horus emeiensis Ching ex S. H. Wu 


Ctenitis apiciflora (Wall. ex Mett.) Ching 


Cyrtogonellum falcilobum Ching ex Y. T. Hsieh 


Cyrtogonellum xichouense S. K. Wu & S. Mitsuda 


Dryopteris cochleata (Buch.-Ham. ex D. Don) C. Chr. 


Dryopteris cycadina (Franch. & Sav.) C. Chr. 
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Arachniodes rhomboidea (Wall. ex Mett.) Ching Jindian Park, Kunming, Yunnan 
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Guangnan, Yunnan 


Lu SG/EM15 DQ054522 








(PYU) 
LuSG/Ald DQ054510 
(PYU) 
LuSG/V108 DQ054519 
(PYU) 
LuSG/A45 DQ054508 
(PYU) 
Lu SG/C72 AY587122 
(PYU) 
LuSG/Bl2  DQ054506 
(PYU) 
Lu SG/H17 | DQ054521 
(PYU) 
LuSG/D29 | DQ054525 
(PYU) 
LuSG/W23 | DQ054520 
(PYU) 
Dong /1021 ^ DQ054517 
(IBSC) 
LuSG/29 — DQ054514 
(PYU) 
LuSG/J330 ^ DQ054515 
(PYU) 
LuSG/V35 | DQ054523 
(PYU) 
Lu SG/90 DQ054518 
(PYU) 
LuSG/C28 AY587119 
(PYU) 
Lu SG/H4 AY587120 
(PYU) 
Lu SG/C17 AY587121 
(PYU) 
Lu SG/C77 AY587116 
(PYU) 
LuSG/C38 AY587115 
(PYU) 
Lu SG/B33 AY587111 
(PYU) 
Lu SG/B29 AY587112 
(PYU) 
LuSG/C65 AY587117 
(PYU) 



















































































































































































































































































































































































































































































































































































5 Ú OOU0: 00000000000: 000 rt UDUDDU 507 
D 1(0 ) Table 1 (continued) 
5 T n D [ 
Ç : GenBank 
1) 
Species Locality Voucher/No. Accéssion No: 
[] [] D Lu SG/C79 AY587114 
Dryopteris pycnopteroides (Christ) C. Chr. Mt. Bozhushan, Wenshan, Yunnan (PYU) 
[] [] Lu SG/J26 AY587123 
Dryopteris setosa (Thunb.) Akasawa Xichou, Yunnan (PYU) 
[] og [] Lu SG/C60 AY587118 
Dryopteris sinofibrillosa Ching Mt. Bozhushan, Wenshan, Yunnan (PYU) 
Oo [] oOo Lu SG/B27 AY587124 
Dryopteris sparsa (Buch.-Ham. ex Jindian Park, Kunming, Yunnan (PYU) 
D. Don) O. Ktze. 
1] [] [] Lu SG/C58 AY587113 
Dryopteris subpycnopteroides Ching ex Mt. Bozhushan, Wenshan, Yunnan (PYU) 
Fraser-Jenk. 
[] OO [] Lu SG/D7 AY587110 
Dryopteris subtriangularis (Hope) C. Chr. Mt. Daweishan, Pingbian, Yunnan (PYU) 
[] [] [] Lu SG/79 DQ054507 
Leptorumohra quadripinnata (Hayata) H. Ito Qiongzhu Temple, Kunming, Yunnan ` (PYU) 
[] [] Lu SG/P8 DQ054524 
Leptorumohra miqueliana (Maxim. ex Franch. Mt. Tianmushan, Zhejiang (PYU) 
& Sav.) H. Ito 
[] Oo Lu SG/K40 DQ054516 
Lithostegia foeniculacea (Hook.) Ching Dali, Yunnan (PYU) 
[] [] D Lu SG/A49 DQ054511 
Nothoperanema hendersonii (Bedd.) Ching Mt. Daweishan, Pingbian, Yunnan (PYU) 
[] [] Lu SG/J27 DQ054509 
Nothoperanema shikokianum (Makino) Ching — Xichou, Yunnan (PYU) 
[] [] og Lu SG/68 DQ054512 
Nothoperanema squamisetum (Hook). Ching  Qiongzhu Temple, Kunming, Yunnan (PYU) 
[] og Lu SG/4A3 DQ054513 
Peranema cyatheoides Don Gongshan, Yunnan (PYU) 
[] [] Lu SG/J4 DQ054505 
Phanerophlebiopsis neopodophylla (Ching) Xichou, Yunnan (PYU) 
Ching ex Y. T. Xie 
1) D D [ (1 , 1999; [| ; D, 1999; UU, 2000; 00 , 2001) 
1) Classification in Flora Reipublicae Popularis Sinicae (Wu, 1999; Wu & Wang, 1999; Hsieh et al., 2000; Kung et al., 
2001) is followed. 





132 PCR Q UU U Perkin Elmer GeneAmp PCR System 96000 9 0 00 [] 
[150 uL, [|] D D : 2 uL DNAQ O (D 2 ng, O Gel Doc] ] D] U] U] D] E] ), 2.5 mmol/L 
MgCh, 0.2 mmol/L dNTPs, 1 X buffer, 0.25 umol/L[] [O , 1 ug/uL BSA, 5% DMSO[] [J 
HU E] : 94 °C, 2 min[] D ] D] E] D] D]. 9 °C, 0.5 min; 42 °C 1 min; 72 °C, 1 min; 409 [] 
OO00 72 ° l 7 mint] D] UDUD 08%] 000000 Gel Doc D I B D O B UL 
0 PCRUUDUDUDDU. UUDUDDUUUDUDUUDUDUDUDU. D Wizard PCR 
Purification System (Promega [Q O00; H1 HH EH] HH B. DHL BH. BH H] H] H] PCRE] D, UU Td 
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2 U 00000 D DNAD D 
Table2 GenBank accession numbers of downloaded DNA sequences in this study 
[] Dn D 
Taxon Taxon 
GenBank GenBank 
Accession Accession 
No. No. 
Arachniodes aristata Blume U30608 Dryopteris sublacera Christ AY268853 
Arachniodes denticulate (Sw.) Ching AF537223 | Dryopteris tokyoensis (Matsum.) C. Chr. AY268861 
Cyrtomidictyum lepidocaulon (Hook.) Ching AF537224 | Dryopteris uniformis Makino AY268871 
Cyrtomium aequibasis (C. Chr.) Ching AY545491 | Nothoperanema rubiginosum (Brack.) A. R. AY268836 
Cyrtomium caryotideum C. Presl AY545490 Sm. & D. D. Palmer 
Cyrtomium falcatum (L. f.) Presl AF537226 | Phanerophlebia umbonata Underw. AF537233 
Cyrtomium fortunei J. Sm. AF537227 | Polystichopsis chaerophylloides (Poir.) C. V. AF537234 
Cyrtomium hookerianum (Presl) C. Chr. AY 545489 Morton 
Cyrtomium macrophyllum (Makino) Tagawa AY545500 || Polystichum acutidens Christ AY545505 
Cyrtomium urophyllum Ching AY545492 || Polystichum attenuatum Tag. & Iwatsuki AY545503 
Dryopteris aemula (Ait.) Kuntze AY268881 | Polystichum brachypterum (Kuntze) Ching AY545501 
Dryopteris amurensis Christ AY268867 | Polystichum christii Ching AY545486 
Dryopteris bissetiana (Bak.) C. Chr. AY268862 | Polystichum chunii Ching AY 545498 
Dryopteris campyloptera (Kze.) Clarkson AY268866 | Polystichum craspedosorum (Maxim.) Diels AF537238 
Dryopteris carthusiana (Vill.) H. P. Fuchs AY268883 || Polystichum deltodon (Bak.) Diels AF537239 
Dryopteris championii (Benth.) C. Chr. AY268863 | Polystichum dielsii Christ AY545485 
Dryopteris crassirhizoma Nakai AY268870 | Polystichum eximium (Mett. Ex Kuhu) C. Chr. AY545493 
Dryopteris cystolepidota (Miq.) C.Chr. AY268878 | Polystichum fibrilloso-paleaceum (Kodama) AF537243 
Dryopteris dilatata (Hoffm.) A. Gray AY268848 Tagawa 
Dryopteris expansa (Presl) Fraser-Jenk. AY268844 | Polystichum grandifrons C. Chr. AY545484 
& Jermy Polystichum jizhushanense Ching AY545504 
Dryopteris filix-mas (L.) Schott AY268845 | Polystichum lachenense (Hook.) Bedd. AF537244 
Dryopteris formosana (Christ) C. Chr. AY268857 | Polystichum lentum (Don) Moore AF537246 
Dryopteris fragrans (L.) Schott AY268865 | Polystichum longipaleatum Christ AY545495 
Dryopteris goeringiana (Kunze) Koidz. AY268855 || Polystichum makinoi (Tagawa) Tagawa AY545494 
Dryopteris hondoensis Koidz. AY268856 | Polystichum neolobatum Nakai AF537252 
Dryopteris juxtaposita Christ AY268875 | Polystichum nepalense (Spreng.) C. Chr. AY545499 
Dryopteris lacera (Thunb.) O. Ktze. AY268860 | Polystichum omeiense C. Chr. AY545497 
Dryopteris odontoloma (Moore) C.Chr. AY268872 | Polystichum pycnopterum (Christ) Ching AY545502 
Dryopteris pacifica (Nakai) Tagawa AY268879 || Polystichum semifertile (Clarke) Ching AY545496 
Dryopteris pallida Fomin AY268874 | Polystichum stenophyllum Christ AF537256 
Dryopteris polylepis (Franch. & Sav.) C.Chr. AY268864 | Polystichum nudisorum Ching AY545488 
Dryopteris remota Hayata AY268858 | Polystichum subacutidens Ching ex L.L.Xiang AY545488 
Dryopteris sacrosancta Koidz. AY268877 | Polystichum tripteron (Kunze) Presl U30832 
Dryopteris sieboldii (van Houtte) Kuntze AY268880 | Polystichum tsus-simense (Hook.) J. Sm. AF537258 
Dryopteris stenolepis (Baker) C. Chr. AY268889 | Polystichum yuanum Ching AY545487 
Rumohra adiantiformis (G. Forst.) Ching U05942 


133 Q0O00 UU ABI 377 DNA] OOO UC (Applied Biosystems, USAO O 
0,0000000., 0000 424FQ 940R(Little & Barrington, 20030 0000000 


UUDDUDDUDUDUDDUDUUDƏONCBD OOO (GenBank)[] , D 0 D D 10 
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MPU D D Ú 


(neighbor-joining, NIT MrBayes V3.0b4(Huelsenbeck & Ronquist, 200 D[] 0000000 
 Duuiuuuuttuttutdtuttl-theurste search O0, 00000000000 
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[] [] Kimura's two-parameter] O0, O00 O0 0000160000000000 ULU, 
O O MrModeltest 2.0 (Nylander, 2004)[] 000000000 Pc] 000000000 
DUDUUUDU. 000 0O GTR+G0 O (Yang, 19940 0 00 0 0 0 00 0O MCMCMC 
(Metropolis-coupled Markov Chain Monte Carlo] DU, [] EH] E] E] D] D] D] D] . 00 1000000 
D, [D 100000 10,000 10000 I] D] U U D LI D] D] (burn-in samples)t] [] U] I U LU U 
DD 0 U0 Giel Barrington(2003)[] O Hasebe[] (1994, 1995[] BGB BL D D D. s Ú 
Rumohra adiantiformis (G. Forst.) Ching] [] 00 0 Ü 
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uuuugusegyuibputlututtuttutttbLlu.L reti DUDU O GenBank) [] 
HOU IDD bc III 1318 bp, O00000., UD 4050 0 
UD D D DE D DD D] OD 30.73%), 2400200000000000 D. 18.5176) ] 
O30 0000 MPU ND D] D. DU UO. D UO. D. D. D. B. 7E 7. DE UI 7] I LD rbl 
umg.mnpupupupupupbpupupnupupBu.ggggguuuuutultl 
DUDUDUDDUDUDDUUDUDUDUDUDDUOID0UDMPUDUDUDUDUDDDUDUO 2a. 
HOUUUDODOOUOUIM40000,.00000000000 10480,00000Cc 
[] 0.47090 DOO 0 (RAD 0.79100 0000000000: €0D D 7E C. UO CEU . CI 7I CI l] 
uggpapnpugugugpmuuuuguttuduurutut«gc ottuttuegbtutl 
OO0 67,0 MPI] II D LO UU. UU. DO. D. D D D. DI UI 910 200000000 
ugmgguggggggpgpapmumlu:uuguutugugtbsbtrtur.L 
(DL EL EL DIE ET ET DT DE DE DE U 12, Clade D; D] UO U U U U U U 
HuUgmgtHuultumttriilPhanerophlebia Presl[] Polystichopsis (J. Sm.) Holttum 
(PP Clade] [] 0000000 (1. 1, 2, Clade M, [1 UO D] U III MPE NJ UDUD 
III UU (bootstrap value, BOO D D O00 0000 D] (posterior probability values, 
PPuBDD.BBumgaggugugguuburissigoetdutbbrttut-«q t 2, 
Clade DO , O0 O0 UO O [] Arachniodes Blume[] Lithostegia[] [| Leptorumohra [] [] 
Phanerophlebiopsis[] VO OUOUOU0.00000 (] 1, ALLP Clade); Dryopteris[] [] 
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Cyrtomidictyum[] Cyrtogonellum[] Cyrtomium[] Polystichum 
Fig. 1. The phylogenetic tree constructed based on rbcL sequences of Dryopteridaceae and their close lineages using 
MrBayes V3.0b4 software. Numbers above branches represent the posterior probability values. Species underlined are 
those sequenced in this paper, others are downloaded from the GenBank. ALLP Clade represents Arachniodes, Lithostegia, 
Leptorumohra and Phanerophlebiopsis; PP Clade represents Phanerophlebia and Polystichopsis; CCCP Clade represents 
Cyrtomidictyum, Cyrtogonellum, Cyrtomium and Polystichum. 
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Fig. 2. The strict consensus tree with tree length-1048 steps, consistency index (C/)=0.4709, retention index 
(RI)-0.7910) constructed based on rbcL sequences of Dryopteridaceae and their close taxa with MEGAQ2 software. 
Bootstrap values of 500 maximum parsimony analysis replicates are shown above branches, bootstrap values of 
neighbor-joining analysis are shown below branches. Species underlined are those sequenced in this paper, others are 
downloaded from the GenBank. 
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